A genetic study of the neotropical river otter Lontra longicaudis (Olfers, 1818), which has an unknown conservation status, was carried out at the Taim Ecological Station and the margins of the Vargas stream, Rio Grande do Sul, southern Brazil. Faecal samples were collected, and DNA was extracted using a silica-guanidine method. Five microsatellite loci were amplified using PCR with heterologous primers previously described for Lutra lutra (Linnaeus, 1758). Sixteen faecal samples out of 29 from Taim and 11 out of 14 from Vargas stream margins contained enough DNA for genetic analysis. A total of 49 different alleles were found at both localities, from which 18 were exclusively found in individuals from Taim and 17 were exclusives from Vargas individuals. The most common allele was the same at both locations for three loci (Lut715, Lut733, and Lut818). A high level of genetic diversity was found at both sites (Ne Taim =4.1, Ho Taim =0.299, He Taim =0.681; Ne Vargas =4.9, Ho Vargas =0.355, He Vargas =0.724), being higher at the Vargas stream site. A high and significant level of heterozygote deficiency was observed at most loci according to the χ 2 test. The homogeneity χ 2 test (P≤0.001) showed that there were significant differences in the allele frequencies between the two locations. Genotyping for more than one locus was possible in 81.5% of samples, from which only 37% were possible to genotype for more than three loci. A low degree of relatedness was found among individuals from Taim (R=0.055±0.310), but an even lower value of relatedness was found at the Vargas site (R= -0.285±0.440). The significant degree of differentiation (I=0.890; F ST =0.059) found between Taim and Vargas individuals suggests that there is more than one population of otters in the southern extreme of Brazil, which probably are associated with the water body systems found in this region, the Mirim and the Caiuvá/Flores/Mangueira Lagoons. The high genetic diversity and low relatedness found at the Vargas stream, lead us to believe that the Vargas stream may be acting as a corridor between these water bodies for otter dispersion.
The neotropical river otter Lontra longicaudis (Olfers, 1818) (Carnivora, Mustelidae) can be found from north-western Mexico to northern Argentina (LARIVIÈRE, 1999) in a great variety of habitats, including small forests, riparian vegetation, streams, rivers, lakes, swamps, and marine coasts occupying savannas associated with freshwater lagoons (MASON, 1990; ROSAS et al., 1991; BLACHER, 1992) . The river otters have a long lifespan, L. canadensis (Schreber, 1777) reaches 13 years of age in the wild (DOCKTOR et al., 1987) , and reproductive activities may begin very early in life (HAMILTON & EADIE, 1964; DOCKTOR et al., 1987) . Nowadays there is a reduction in the population size of the otter L. longicaudis, that has been attributed to habitat destruction by human activities, such as deforestation and hydroelectric dam construction (MELQUIST, 1984; MACDONALD & MASON, 1990) . Water pollution and heavy navigation have been shown to diminish the use of habitats by aquatic mammals (Pteronura brasiliensis (Gmelin, 1788) , Lontra longicaudis, Trichechus inunguis (Natterer, 1883)) (ROSAS et al., 1991) . Pollution reduces the marginal vegetation of rivers and lagoons, which has been found to be important for the permanent residence of other related mustelids (BAS et al., 1984) . Furthermore, direct hunting activities for the fur trade diminished the otter population considerably since the middle of the last century (ROSAS et al., 1991; LARIVIÉRE, 1999) . Therefore, the species has been considered vulnerable (CHEHÉBAR, 1990) , and since 1975, it has been in Appendix I of the list of endangered species prepared by the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES) (CITES, 1977; UNEP-WCMC, 2003) . In 1983, the Brazilian government included this species on the list of Brazilian threatened species through IBAMA (MMA, 1999) . Nonetheless, it was removed from the national IBAMA list of endangered species in May 2003 (MMA, 2003) , and its conservation status remains "Data deficient" (IUCN, 2007) due to the absence of population genetic studies, which would allow analysis of the degree of conservation and genetic risk of the species.
Lontra longicaudis runs away from humans, and therefore it cannot be directly observed. Consequently, individuals are mainly detected by indirect evidence, such as the characteristic burrows where they live, footprints, and spraints (BLACHER, 1992) . Faeces have been used as a non-invasive means of collecting samples for DNA extraction in a variety of mammals (TABERLET et al., 1997; WASSER et al., 1997; FLAGSTAD et al., 1999; KOHN et al., 1999; MORIN et al., 2001) . For population genetic studies of endangered species, it is desirable to use non-invasive samples in order to decrease the risks involved in the capture. However, working with faeces is difficult, because intestinal cells are not homogeneously distributed in faecal material (WASSER et al., 1997) and faecal DNA starts degradation soon after deposition (MORIN & WOODRUFF, 1996) , therefore faecal DNA is found in low quantity and poor quality (NSUBUGA et al., 2004) . Since microsatellites are short sequences, they are more appropriate for the detection of genetic polymorphisms in highly degraded DNA, because the amplification success is inversely related to fragment length (BROQUET et al., 2007) . A number of primers suitable for the amplification of microsatellites in the Eurasian otter Lutra lutra (Linnaeus, 1758) were described by DALLAS & PIERTNEY (1998) . These primers were also useful for analyzing genetic variability in the river otter Lontra canadensis (BLUNDELL et al., 2002b) and sea otter Enhydra lutris (Linnaeus, 1758) (LARSON et al., 2002a,b) . As L. longicaudis has been considered a subspecies of L. canadensis by some authors (HERSHKOVITZ, 1972; DAVIS, 1978) , and more recently, studies have shown that these two species are very closely related (KOEPFLI & WAYNE, 1998; , we expected that these primers would also be useful for studying the neotropical otter L. longicaudis. Therefore, our first aim was to test these primers in the amplification of L. longicaudis microsatellite loci, and to determine if it was possible to genotype individuals at multiple loci from faecal samples. Our second goal was to study the genetic composition of L. longicaudis at two geographical sites in the south of Brazil, in order to evaluate population division, genetic diversity, and dispersion of individuals between the protected area of the Taim Ecological Station and the unprotected surroundings of the Vargas stream.
MATERIAL AND METHODS
Sampling areas and collections.Two areas were chosen for collecting samples: the Estação Ecológica do Taim (Taim Ecological Station), 32°40'S, 52°50'W, hereafter only Taim and the margins of the Vargas stream (32°30'S, 52°30'W) at the southern most extreme of Brazil.
The Taim (Fig. 1 ) was founded in July 1987, with the aim of protecting fauna common to local marshes and swamp areas. It comprises 100,000 ha between the Atlantic Ocean and the Mirim Lagoon at the southern most extreme of Brazil, and is 70 km from the nearest city, Rio Grande. The subtropical climate of this region has an annual mean temperature of 18°C, and an annual pluvial mean of 1,100 mm (SEMA, 1977) . The geomorphology is smooth, and rich in dunes and plains interrupted by drainage and swamps from the Patos, Mirim, and Mangueira lagoons. The vegetation is rich in macrophytes, peats, and sandy restinga forest, and there are also some dry areas and patchy forests. The Taim is situated on both sides of the main road that leads to the Uruguay border. Mortality of the animals due to motor vehicles was decreased by the construction of strong, high fences on both sides of the road. Underground tubes allow the animals to safely pass from one side of the road to the other. Twenty-nine faecal samples were collected over a distance of 10 km from September 2000 to December 2001 at the Taim. Frozen lung tissue from an individual that was found dead on the BR-471 road that accesses the Taim in 1997 (Fig. 1 ) was used to test the primers.
The Vargas stream ( Fig. 1) is situated 5 km north of the Taim and extends for approximately 18 km, and crosses the land from east to west. It is a private property, and is not subject to government protection. The margins of the Vargas stream are similar to the Taim, but contain longer extensions of swamps, sandy areas, and scattered forests than the Taim. The climate conditions are also similar to the Taim. It was difficult to obtain samples due to rain washout, and therefore, we were unable to collect a more representative sample size in the short period of time used for the study. Lontra longicaudis faeces were identified by their characteristic smell and composition. Fourteen samples were collected from a stretch of 2 km from September 2000 to December 2001 at the margins of the Vargas stream. Wet samples were stored in 50 ml sterilized conical tubes containing sterilized filter paper and silica particles up to a volume of 40 ml. Dry samples were directly stored in sterilized Petri dishes containing sterilized filter paper. Both types of sample were stored at -18°C until DNA extraction.
DNA extraction. DNA was extracted from lung tissue once and from each faecal sample in at least triplicate by following a silica-guanidine protocol (HOELZEL, 1998) . Two hundred milligrams of each sample was incubated in 1 mL of lysis buffer (50 mM Tris-HCl; 25 mM EDTA, pH 8.0; 1.25% Triton-X-100; 5 M GuSCN) overnight. The next morning, the tubes were centrifuged at 16,000 x g at 16°C for 10 min. Afterwards, 700 mL of the supernatant was transferred to fresh tubes, to which 700 mL of DNA binding solution (50 mM Tris-HCl; 25 mM EDTA, pH 8.0; 5 M GuSCN; 1% silica slurry) was added and solutions were mixed in a rotating wheel for two hours. The tubes were then centrifuged at 16°C at maximum speed for 5 min. The supernatants were discarded and the pellets containing silica and DNA were washed three times with 70% ethanol. The pellets were then dried, and the DNA was resuspended in 80 mL of TE (10mM TrisHCl, pH 7.4; 1 mM EDTA, pH 8.0).
Microsatellite amplification and separation. The primers described by DALLAS & PIERTNEY (1998) for the amplification of the microsatellite loci Lut457, Lut701, Lut715, Lut733, Lut782, and Lut818 of L. lutra were tested in L. longicaudis. Hot start and touchdown PCR was performed using the following steps: 1 cycle at 94°C for 150 s, 20 cycles at 90°C and 60°C (lowering in 0.5°C each cycle) for 15 s each, 15 cycles at 90°C and 50°C for 15 s each, with a final extension step of 1 min at 72°C. Each 25 μl PCR reaction contained 5 μl DNA template, 2.5 μl 10x PCR buffer (Invitrogen), 2.5 mM MgCl 2 , 5 μg Bovine Serum Albumin (BSA), 200 μM of each dNTP, 0.5 μM of each primer, and 1 U hot-start Platinum Taq Polymerase (Gibco). In order to increase the quantity of PCR products a second round of PCR was performed using the same conditions with 1 μl of the PCR product from the first amplification as a template. The PCR products were separated by size in a 6% denaturing polyacrylamide gel containing 7M urea. They were denatured for 5 min at 95°C in 95% formamide loading buffer before loading them onto the gel. Electrophoresis was done at 45 W for 2 h at 50-55°C. The DNA fragments were visualized by silver staining according to the protocol described by HOELZEL (1998).
Data Analysis. Allele frequencies and diversity parameters were obtained using POPGENE v.1.3 software (RAYMOND & ROUSSET, 1995) . Biosys-I software (SWOFFORD & SELANDER, 1981) was used to obtain F-statistics, heterozygote deficiency (D), χ 2 goodness of fit to the Hardy-Weinberg equilibrium, χ 2 homogeneity test and genetic identity (NEI, 1978) between locations. The probability that samples that were genetically identical belonged to the same individual was calculated in accordance with HUSTON (1998), using the formulae for the discriminant power of combined loci (P d ): P d = 1-∏(P M ), where P M represents the matching probability of a locus, calculated independently as P M = Σ(G i 2 ), and where G i corresponds to all possible genotypes at the locus. The degree of relatedness (R) was calculated for all pairs of individuals that were scored for at least three loci, in accordance with QUELLER & GOODNIGHT (1989) . The mean and standard deviation of the relatedness were calculated for each location, and also for both locations grouped as a single unit. The degree of sociality was calculated in accordance with the classification of BLUNDELL et al. (2002a) .
RESULTS
The six microsatellite loci (Lut457, Lut701, Lut715, Lut733, Lut782, and Lut818) were successfully amplified using lung tissue from Lontra longicaudis, thus demonstrating that all the primers that were described for Lutra lutra may be used for population analysis of Lontra longicaudis.
Only 16 faecal samples from the Taim and 11 from the Vargas stream margins contained enough DNA to proceed with genetic analysis. Two rounds of PCR amplification were required from faecal DNA, and even using these conditions, the reaction was only 40% of the maximum efficiency (Fig. 2) . The Lut782 microsatellite was excluded, because it did not give interpretable results for most individuals, therefore, we only analyzed five loci (Tab. I).
A total of 49 different alleles were found at the five loci at both localities, from which 18 were exclusively found in individuals at the Taim and 17 were found exclusively in individuals from Vargas stream. The most common allele was shared by individuals from both locations for the Lut715, Lut733, and Lut818 loci. A larger effective number of alleles, and a higher degree of heterozygosity were observed at the Vargas stream compare to the Taim (Tab. II). The Lut715 microsatellite had the largest number of alleles at the Taim, while the Lut457 microsatellite had the most alleles at the Vargas stream.
A high heterozygote deficiency was found at almost all of the loci analyzed at both sites (Tab. II). In accordance with a χ 2 test of goodness of fit to the HardyWeinberg equilibrium (H-W), 4 of 5 loci showed significant deviation from the H-W equilibrium at the Taim and only one of 5 at the Vargas site. In accordance with the Fisher's exact test (which pools rare alleles), all loci were in H-W equilibrium at Vargas, while at the Taim, only Lut457 deviated significantly from H-W equilibrium (Tab. II). Measures of genetic differentiation (I= 0.890; F ST = 0.059) showed that there was a moderate degree of population division between the Taim and the Vargas site. Similar and lower values of F ST , which showed significant population division, were also found in other species (see HARTL & CLARK, 1989; GIBBS et al., 1997; ESCORZA-TREVIÑO & DIZON, 2000; TRUJILLO et al., 2004; WURFF et al., 2005) . A homogeneity χ 2 test confirmed the population division of L. longicaudis (P< 0.001; α'= 0.01) after a Bonferroni correction for multiple testing (RICE, 1988) , and the Lut457 (χ 2 = 24.27; P< 0.001) and Lut715 e Hardy-Weinberg equilibrium; *significant at the level of α'= α/5 = 0.01 after Bonferroni correction for multiple tests (RICE, 1988) Genotyping at more than one locus was possible only in 81.5% of the scored samples, from which 37% were evaluated for more than three loci. A total of 24 different genotypes were detected. Identical genotypes were only found at the Taim. One individual found at the Taim in January 2001 had a very high probability (99.38% from four loci) of being the same individual that was found 1 km away in April of the same year. In another case, faecal samples found on the same day, but 100 m apart, had a high probability to belong to the same individual (91.13% from two loci). It was also suspected that two of the other samples belonged to a single individual (97.57%), because the two samples had the same genotype at one locus, and had a very rare allele. Five loci may be sufficient to identify individuals, but nine to ten loci would be necessary to avoid inaccurately identifying a match between two related individuals, specially if heterozygosity values are low (0,2-0,4) (WAITS et al., 2001) , which was the case in the present study. As we cannot rule out the possibility that close relatives shared the same genotypes at small number of loci, we decided to perform statistical analyses assuming that all genotypes found come from different individuals.
A low degree of relatedness among all individuals (R= 0.061±0.392) was found. At the Taim, individuals showed a higher degree of relatedness (R= 0.055±0.310) than individuals from the Vargas stream (R= -0.285 ±0.440). We detected that 11 out of 16 sampled points had more than one spraint, and of these points, six contained faeces from different individuals. Therefore, the species shows at least 29.4% sociality, which is within the range of moderate sociality in accordance with the classification of BLUNDELL et al. (2002a) .
DISCUSSION
We encountered many problems while amplifying DNA from faecal samples. MORIN et al. (2001) demonstrated that quantities of DNA smaller than 25 pg are not feasible for PCR amplification, and that pooling samples from the same spraint does not always produce good results. This is because as DNA concentration is increased, the concentrations of PCR inhibitors are also increased (BROQUET et al., 2007) . We partly solved this problem by re-amplifying the samples using two rounds of PCR, and by improving some of the conditions from the original protocol described by DALLAS & PIERTNEY (1998) . Re-amplification increased the success of microsatellite amplification to almost 40%. We predicted that the novel multiplex-two step PCR methods that were recently described by PIGGOTT et al. (2004) may be useful in this species. Recently, when working with another population, BANEVICIUS (2005) was able to increase the success of PCR amplification by adding the samples directly to the lysis buffer, adding a PCR extension step, and increasing the time of each PCR cycle.
We detected a drop-out allele (ADO) effect where there is a stochastic amplification of only one of the alleles of a heterozygote individual (MORIN et al., 2001) by observing that homozygotes after one round of PCR were actually heterozygotes after two or three rounds of PCR. Drop-out allele errors were estimated by MORIN et al. (2001) to be between 5.2% and 42%, depending on the initial DNA template.
All of the loci analyzed were highly polymorphic, and the most variable loci was Lut457, which had a total of 17 alleles out of the 49 found across all loci. The Lut457 microsatellite is a dinucleotide (CA) repeat in Lutra lutra (DALLAS & PIERTNEY, 1998) , and we predict that L. longicaudis also has this repetitive motif, which may also explain the high diversity at this locus found in this species. The microsatellite motif has been shown to affect the success of amplification and the rate of ADO (BROQUET et al., 2007) . These authors observed that dinucleotide motifs have a higher success of amplification and lower ADO than tri-or tetranucleotide microsatellites.
A low degree of heterozygosity was observed when compared to the expected value, which explains the departure from Hardy-Weinberg equilibrium at most loci in accordance with the χ 2 test. When pooling rare alleles by Fisher's exact probabilities (LEVENE, 1949) , only Lut457 at the Taim showed deviation from H-W equilibrium. Rare alleles (in low frequency) may be responsible for the significant heterozygote deficiencies found by Chi-square tests, due to a false rejection caused by the many alleles in low frequencies, where the exact test is recommended (LEVENE, 1949; GUO & THOMPSON, 1992) . The observed heterozygote deficiency may partly result from the ADO effect, which is a common problem when working with faeces (NAVIDI et al., 1992; MORIN et al., 2001) . Heterozygosity also affects ADO, and an increase in heterozygosity of 10% may elevate ADO by 12.2% (BROQUET et al., 2007) . However, we were unable to perform 7 replicates of each PCR amplification for every sample in order to diminish ADO error, as recommended by BROQUET et al. (2007) . Heterozygote deficiency may also be the result of inbreeding due to a small population size or due to the Wahlund effect. The high allelic diversity found in the studied area is not in accordance with a small population size, and long distance dispersal of individuals between reproductive sites along feeding and transit areas may lead to the Wahlund effect. However, the use of small sample sizes when studying highly polymorphic loci may also prevent the detection of the true levels of heterozygosity (DELANY et al., 2000) .
A higher level of genetic diversity was found at the Vargas stream than inside the Taim, although the sample size and collection area were larger at the Taim. This result was unexpected. However, we realized that the Vargas stream is protected from human interference because it is located far from the main road, and entrance to the site is only allowed by the owners permission, therefore, Vargas represents an undisturbed population. The Taim is subject to a greater degree of human interference by car movements along the road. In addition, the reserve station was only established 18 years ago, which may not have been enough time for the damaged population to recover.
The observed differences in allele frequencies between the Taim and the Vargas stream led us to reject the null hypothesis of a single population, and we demonstrated that there are at least two different populations of the neotropical otter in the southern extreme of Brazil. We expect that the population of L. longicaudis at the Taim is represented by individuals that are mainly distributed over the Mirim Lagoon system, and individuals collected at the Vargas stream may belong to the Caiuvá/Flores/Mangueira Lagoon systems. Further studies over a longer period of time and sampling a larger number of individuals will be necessary to test the hypothesis that there are different populations associated with the Mirim and Caiuvá/Flores/Mangueira lagoons.
The home range of L. canadensis was estimated to be ~12-40 km by BOWYER et al. (2003) and BLUNDELL et al. (2004) , with a natal dispersal of up to 90 km in females, whereas males may disperse up to 65 km for the breeding season (BLUNDELL et al., 2004) . Since L. longicaudis is very closely related to L. canadensis (KOEPFLI & WAYNE, 1998; , we expect that there are similar patterns of long distance dispersal in L. longicaudis. It is probable that the short duration of sampling and the small sample size prevent us from being able to detect the dispersion of individuals between the reserve and Vargas margins.
The high variance of the mean relatedness found in the present study was also observed by BLUNDELL et al. (2004) in the river otter L. canadensis. The mean value WEBER et al. found at the Taim (R=0.055±0.310) is similar to the values found by these authors for the river otter at two localities in Alaska, USA. No values as low as the observed in Vargas (R=-0.285±0.440) were found in the river otter. Our estimations of relatedness were obtained from only three loci in each pair-wise calculation; therefore these values may not be accurate. BLUNDELL et al. (2004) reported that three loci are not enough to accurately estimate the degree of relatedness, however the low values of relatedness observed in the Vargas stream may be explained by other factors. The Vargas stream may act as a corridor between the different lagoon systems, specifically between the Flores/Caiurá and Mangueira Lagoons, and could also act as a transit and feeding region to the Mirim Lagoon, where the Taim reproductive sites are found.
In contrast, the Taim provides a good location for reproduction sites. One site is located very close to the Taim headquarters, and females and litters have frequently been observed there. It is assumed that otters remain at these sites for long periods until litters reach independence. The lower variability observed at Taim, together with the higher degree of relatedness among Taim individuals when compared to Vargas, is also consistent with this idea.
A low degree of relatedness supports low territorialism and more sociable individuals. L. canadensis exhibits no male territorialism, a low degree of relatedness between individuals, and mainly consists of social individuals (BLUNDELL et al., 2004) . Although our results have to be considered with caution, the data are suggestive of low territorialism and moderate sociality in L. longicaudis, in accordance with the classification of BLUNDELL et al. (2002a) . A number of factors have been cited to explain the low relatedness observed in L. canadensis, such as high intra-local diversity, high dispersal, high sociality, non-preferred kin association, and lack of kin avoidance (BLUNDELL et al., 2002a; 2004) .
Further genetic data is required to test the hypothesis that there are different populations in the water bodies at the southern extreme of Brazil, and whether the Vargas stream acts as a corridor between these water bodies, and whether the Neotropical otter L. longicaudis exhibits similar behaviour to L. canadenses.
